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Abstract: In this paper we propose an approach when several cooperative deci-
sion makers seek to reach a final decisionor recommendation. We propose an
interactive aid that facilitates consensus reaching. This approach draws from
a previous results which posits that multitudinous ranking can be obtain from
a single relational system.
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INTRODUCTION
Decision-making in any organization is only excepticnally entrusted to

a single individual. Besides, though the autonomous decision maker may be the
sole responsible, he cannot shut out the host of outside influences and pres-
sures that enter his decislion-making process. To investigate the case where
several decislion makers are involved, and the nature of thelr purpose, is to
enter the field of collective action, the subJecf of this paper. Numerous such
group situations have been identified and analyzed over the last years
[Jelassi, 1990].

’ We shall focus on group decisions where several cooperative decision
makers seek to reach a final decision (or recommendation} for which they are
collectively responsible and committed.Many reasons vie for the development of
effective tools and means of assisting group decisions. Huber (1982) mentions
these: discusslons dominated by overpowering participants, lack of communica-
tion, peer pressure that leads participsnts to conform to prevalling ldeas
rather than speak their own mind. Huber contends that lack of information,
distortion of information and shallow treatment of 1ssues contribute to lower
the group participants’ productivity. He argues that Group Decision Support
Systems (GDSS) hold considerable promiss in clearing these hurdles.

So far, experimentation with GDSS [Lewls, 1987; Watson and al., 1988;
Benbasat and Nault, 1990; etc.] seems to corroborate Huber's prognosis. These
experiments suggest that GDSS increase participation, enhance decision quality
and improve the group’'s ability to concentrate on the task at hand. They would
also s¢ to dampen individual influence and domination, bolster the group's
confidence in its decisions, augment individual participants’ satisfaction
with both the process and the result of the group’s work, faclilitate consensus
and shorten the time needed to reach a declsion. Moreover, Huber (1984) pleads

= r~onvincing case for the need to develop group decision aids by conjuring up



this common dilemma: decision makers are asked to part : In :rmore fre it

1 thy meetings, thus preventing them from attending to other eq y
pressing dutles. The solution to this dilemma is to make these mee
shorter and more >»ductive. Such are the motives driving the need {

Needless to say, experimentation with GDSS has embraced many diff
dimensions. Gray and al. (1990) have proposed a method for dist ui: (and
classifying) these experiments, thus facllitating their Interpretation. -
search in this fleld has drawn from group psychology and ° study of individ-
uals' behavior within groups. Assessing the link between electronically assis-
ted group meetings and the ensuing results rests on three sets of factors:
context, process and effects on group interactlon. For 1nstance, Bul and Jarke
(1986} insist on group architecture and interaction between members; Jelassl
and Beauclalr (1987) point cut that technlcal speclfications of GDSS must
conslder group behavloral aspects and allow for Interactlon between group
members. Though GDSS may take on a varlety of configuratlions, the baslic ele-
ments invariably include: hardware, software, users and procedures. We shall
focus on software, an element comprising several Iinterlocking components
which, together, embody the essence of a GDSS,

To be more speclfic, we alm to develop an Interactive alid that
facllitates consensus reaching. To do so, we refer to a previous analysis
{Kiss and Martel, 1991] whereln we demonstrate that for a given relational
preference gystem {RPS) there exist many possible hierarchical decompositions
(or rankings), and vice versa, Thus, glven a RSP for each group member and the
assoclated rankings, we seek to determine a ranking that satisfles all the

particlpants {a consensus) or at least a strong majority.

FORMULATING THE SITUATION

Let us consider a case where N, r = 1,2,,..,N, interacting declsion
makers acknowledge a common decislon problem, share a range of decision-making
concerns or at least agree to subscribe to such whilst retaining
thelr respective preferences and Judgements, and are confronted with m,
Xln] = xl,...,x‘....,x_ , optlons.

The flrst step 1s for each of the N decislon makers to specify his/her

own relational indifference system (RIS):

T
= m(m-1)
R = { vQi(xilxj)' } L,3=1,...,m; 12); m= 2}; 15b = __E%r_ﬂ

(b
r
¥r; r =1,...,N.



Applying an aggreg .ve isolation procedure [Kiss & Martel, 1991] to each RIS
so obtained results in N partitions of the X[-] elements, this yielding the

ts:

r) (r) (r) {r) A
A = {Al.lh (r)]'”"AJ.lh 1A (r,]}, r=1,...,N,
T ! 3 e a

whose elements we shall denominate macroentities, "conglomerates" of the
element ontained in X[.!, with

nr nr nr h _(r) a

{r)
Thi(r) =m n = mandlUaA = U| Ua = UX; vr;r = 1,...,N
yo1 J r =1 j.[hJ(r)] y=1| =t hs 1=1 1

The next step is for each decision maker to specify his/her relational
preference system (RPS) by referring to the set of macroentities established
through the aggregative isolation procedure:

c
r
R(P)r,[crl = {zgl(Al[h’(r)lPAj[hJ(r)))z I Ly = 1"“'nr; 1=3; nr = 2} ;
n(n - 1)
1l sc¢c sr—r—~—-—;Vr;r apes.s N,
r Z

A new series of partitions 1is found .by applying an aggregative

decomposition procedure [Kiss & Martel, 1991] to each RPS and yields the sets:

(r} (r) (r) (r) A
Do[vl 1w e Y m (rn""’nv,m e F LN
r 1 k r v

r
which constitute the initial raw decompositions (or groupings) of sets A::’l,
r

{r) and

where each of the r partitions has v, hierarchical levels Dll o )1
]
k

each partition level contains nk(r) ® 1 elements (macroentities) originating

th

from the r set A::) ; k= 1...,.vr; r=1,...,N Thus, we have

3’
r
n_ . v

T r
¥ hj(r) = I‘)Eluk(r) =m; v Sn sn and

J=1
v v n {r) n h (r)
) IS r) 0
Unk" ey = Uy Up’ | =Ul Ua = UX; ¥r;r =1,...,N.
k=1 k=t| t=1 " j=1| s=1 1=1

We shall assume that the indifference relation I is at once reflexive,
symmetrical and transitive wherea .he preference relation P 1is reflexive,
asymmetrical and non-intransitive. The. system cannot admit a preference re-
lationship that violates the transitivity condition. In order to establish
these relations, the N decision makers may or may not refer to the same set of

teria. These relations depend upon f-~*= —-==~11 ~wmaccen ~+ of the m op-

375



ing successively from the set of optlons ¥ | to 2 sets
then to the hlerarchical decompositious rouplngs)
{r)
orvrl'
us) relations. We know that a glven RSP may lead to many

tl decomnositions and, conversely, that several RSP may

3

1s, golng from Xh’ to D constitute “non-biuni jque"

stem from a single hierarchic decomposition [Kiss & Martel, 1991]. It is this
"non-bluni-vocité” (non-mutual congrulty) and the multitudinous decomposition

possibllities that we wish to explolt in our search for group consensus.

PROPOSITION 1

A consensus as to hierarchical decomposition l)<= may be obtained by seeking

the intersections of all possible hlerarchical ranks for each element of 1
xm set by referring to the fnitial raw decompositions D;';:, ;3T < 1,...,N,
r

and abiding by the constraints posed by the RIS and RPS establiished by each of
N decision makers.

REACHING CONSENSUS AS TO HIERARCHICAL DECOMPOSITION

UNANIMOUS CONSENSUF *'*THOUT ~NCESSION

Let 6;'; stand for the p“’ possible hierarchlcal rank of the Ju’

clement of X[.l and let er & 1 designate the number of such possible
hierarchical ranks for the J*® element for the r'" initial decompositlo g”.

p'r! shall denote the k'_ s cardlnal set contalning all possible hierarchi-

r, )
cal ranks for the J*" element given the r'® RIS R and the r™® RPS

» Lo 1

R(P) ., where -
r,[c 1
r k

(r) F R At
'D”"r p = ,,91 "‘,,, ; kr'J zl; jJ=1,....,m;yr=1,...,N

The hierarchical consensus rank{(s) for the Ju‘ element, whlle taklng simul-

(r),

taneous account of all initlal deccnbositlons D ;s r=1,...,N, 1s no other

[}
than a ::J > 0 cardinal set comprising all intersectlons of the set iefined in
(1). Thus,

N

_ (r) . . -

D”K]-—nﬂjn R =1 §J=1,...,m (2)
J r=1 )

An unanimous consensus as to hlerarchlcal decomposition Dc 1s reached wlthout

concession If none of the sets defined in (2) are empty.
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op (3 ) and "‘aua) refer to the two tables of index-p¢ \ta
< <

» ident lcation indices that distinguish between those e f X[M
itained 1in xel-cl and those contained in x‘“'a]' 0= ue(Jc) =m,
0= pd(Jd) =m, Je = 0"““: : Jd = 0"""4'

s Let D » {@} denote the set contalning the hlierarchical
H())rK X

G S XIRD

consensual ranks for the pc(Jc)"‘ element of X[“, il.e., for the qu' element

of X , onward } > O (refer to (2)).
clm ) <
{1)
R(T) R(P) D
LT Trlogd gy 5yt
—> A — 1) >
In_1 [+]
1 ¥
: . . (r)
I ﬂ(I)l',[b ¥ R(P)r.lc 1 Dj[k 1
X N A PN ) , T _Iptr? ryd N m
m1f (n_} i o
L r
. . . m
y R(I) R(P) D
F
", th 0| nled ]y
ln.] ]
ltof.tlv- search

aggregative aggregative consensms
isolations i decompositions ‘ decomposition *

Figure 1: Synopsis of consensus search
For instance, by consldering the gquasi-median rank 1in each
D"‘e”c)[ “‘c”c) ]; J, = Li.-.am, we can generate a partial RIS ﬁ(l) and a
partial RPS ﬁ(l’). which serve to summarize the useful information
gathered as of the current step of the procedure. These relational ranki

systems polnt the way towards consensus. In prln::lple. we could generate not
only a single RIS and RPS pair but a whole T x“ ) cardinal set .Of
. J= 1 Tee
partial RIS and RPS with each RIS-RPS pair containing LR ranking relatlons.
However, we shall focus on the ¥ .an rank to ensure the interactive man/
machine procedure does not bog down in comples .
The decision makers are asked to restate thelr individual RIS and RPS,

this time in referenée to the elements contained in the x“_ ] and xc a1 setﬁ

c
whilst ablding by the condltions posed by the RIS R(I} and RPS R(P) derived
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om the asl-medl: elements of Xc In other words, throughout this
1terativeand interactive search, aggregative lsolatlons and.aggregatlve decom-
positions are performed by virtue of the N (N) RIS and RPS specifled by the
declsion makers and in compliance with this structure:
r.. ~ -
®(1), , = R(I R *(")]c-x]r.t v R(1),
R(B), = x{rl [R(I) v 32(1?))t_l]_r.t vR(P),_,

firest second

ir=1,...,N; 1<tsT, (6)

: terms i terms

where T stands for the number of iterations required to complete the search.
Notice that in (6), as t increases, the importance of the first terms weakens
while that of the second terms becomes more dominant, i.e., the cardinality m
of Xc converges, though stochastically, towards that of X[-]. m, whlle the
cardinality m of Xd converges towards zero.

Should a rup...e occur, i.e., a lack of monotony in the progression

+ ALra 1 —
ds consensus, in other terms, if Xe‘-c(l)] < ?cl-c(t-l)l' nc(t) E me(t 1),

te the rankings (and their originators) causing the rupture. i.e., we

identify those declsion makers whose views differ. These dissenter are en;

couraged to make concessions along the lines of the preferences expressed by

their colleagues in order to reduce the observed discrepancies (see figure 2).
(nc)

2 |rupture>
1

PRI _+_+_F______4 (t - iterations)
12t T

Figure 2: Progressing towards consensus

o Let r<N denote the number of dissenters.

° p(Jp) refers to a table of index-pointers containing the identificatlon

1
° ¢(J¢) is the complement of p(Jp) and refers to a table of index-

indices for the r  dissenters; p(Jp) € [1,....,8]; Jp =1,...,r.
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Figure 3: COR-1’s Modular System Architecture

ONCLUSION

Experlence seems to show that GDSS ar¢ ~lable to improve the quallty of
roup declsions. Consequently, we have developped a support whose purpose s
5 facllltate consensus reaching among group partlcipants.

In this paper we propose a novel approach to tackle the problems pla-
uing group declslons where several cooperatlve declsion makers are asked to
se palrwise comp: sons 1n ranking a finite number of options. Thls approach
raws from a previous result which posits that the options under consideration
ay be ranked 1n several different ways given a single relational preferenqe
ystem. Thus, the Intersection of these rankings (one per declslon maker) may
2ad to a consensus (see propositlon 1). If the Intersect 1 is vold, we may
Lther content ourselves with a majorlty of declslon makers, or request some
:cislon makers (- dissenters) to make ¢ esslons, l.e. to revise their
zlational p1 rrence system. 4

The search‘procees conslders three posslble slituatlons, namely: unani-
sus consensus witho concesslon, majority consensus without concession and
nsensus through cesslon. All three sltuatlons can be dealt wlth 1n hier-
-chical sequence according to user preferences, thus attesting to the
~eat flexibllity of our software.
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